This proposed approach is based on the analysis of per-phase and three-phase instantaneous power flows when a three-phase four-wire balanced non-linear load is connected to an ideal power network that supplies a set of positive-sequence fundamental voltages. The per-phase and three-phase instantaneous power flows caused by positive-, negative-, and zero-sequence harmonic load currents are analyzed. The results obtained for the load zero-sequence harmonic currents disagree with the results obtained when applying IEEE Std. 1459. As a consequence, a new definition of the effective quantities is proposed. A comparison between the new definitions and IEEE Std. 1459 definitions is made in the paper.
a b s t r a c t
This paper proposes a new definition of non-fundamental effective apparent power based on an analysis of instantaneous power flows. This new instantaneous power approach for the calculation of the non-fundamental effective apparent power extends, and adapts for new electrical conditions, the procedure applied by IEEE Std. 1459 for the quantification of active and reactive power in single-phase systems.
This proposed approach is based on the analysis of per-phase and three-phase instantaneous power flows when a three-phase four-wire balanced non-linear load is connected to an ideal power network that supplies a set of positive-sequence fundamental voltages. The per-phase and three-phase instantaneous power flows caused by positive-, negative-, and zero-sequence harmonic load currents are analyzed. The results obtained for the load zero-sequence harmonic currents disagree with the results obtained when applying IEEE Std. 1459. As a consequence, a new definition of the effective quantities is proposed. A comparison between the new definitions and IEEE Std. 1459 definitions is made in the paper.
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Introduction
The presence of non-linear loads connected to the electrical power network is increasingly common [1] [2] [3] [4] [5] [6] [7] [8] . Industrial applications based on three-phase static converters and adjustable speed drivers are examples of three-phase balanced non-linear loads that produce distortion in the current waves. The flow of load harmonic currents in the power network, together with reactive and unbalanced current components, produces the following effects [3] [4] [5] [6] [7] [8] : voltage distortion and flicker; low system efficiency; low power factor; excessive neutral current; increase in power losses; disturbances to other consumers; malfunction of electronic equipment; etc.
IEEE Std. 1459 [9] includes definitions for the measurement of electric power quantities under sinusoidal, non-sinusoidal, balanced, or unbalanced conditions. It is stated in the introduction that 'the new definitions were developed to give guidance with respect to the quantities that should be measured or monitored for revenue purposes, engineering economic decisions, and determination of major harmonic polluters'. Some works [10-13] discussing instruments for the measurement of electrical power quantities defined in IEEE Std. 1459 have appeared in recent years. In Ref. [14] , the power quantities defined in IEEE Std. 1459 are reformulated in the time-frequency domain by using the discrete wavelet transform. IEEE Std. 1459 power magnitudes are also used for the detection of major sources of waveform distortion [15] ; or for the definition of the reference currents of shunt-active power compensators [16, 17] .
Some of the definitions proposed in IEEE Std. 1459 are still under discussion. In Ref.
[18], the author disagrees with the definition of non-fundamental power. In Ref. [19] , the authors propose a new definition of the unbalance power using an instantaneous approach based on the well-established concepts used in IEEE Std. 1459 for the definition of active and reactive power in single-phase systems. This instantaneous approach is extended in this paper to electrical systems with balanced harmonic currents, and the result is a new definition of non-fundamental effective apparent power and, consequently, a new definition of effective apparent power.
There are several works in the literature in which instantaneous power flows are used in the analysis of electrical systems [20] [21] [22] [23] [24] . In Ref.
[20], the instantaneous power of a three-phase four-wire distribution system with unbalanced, distorted source voltage, and an unbalanced load was analysed. Supply voltages and load currents are decomposed into several terms by using the symmetrical components and the complex Fourier series. The results of the performed analysis enable the definition of the reference currents 0142-0615/$ -see front matter Ó 2011 Elsevier Ltd. All rights reserved. doi:10.1016/j.ijepes.2011.08.013
